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3 FOREWORD

I This fi!nal report documents the results of some field measuremtnts at Key
West, Florida-from April 26 throuhl May 10, 1979, and from Jun,, . through June

3 I 10, 1979. The measurements were made by Cincinnati Electronics Corporation
* using the MIDAS III equipment. During the first half of the program banded

infrared radiometric data was collected on a series of cloud backgrounds under
various conditions. During the second half of the program banded infrared
radiometric data was collected on some aircraft flights. The cloud data is
reported in Volume I of this final report and the aircraft d ta i. included in

Volume 2 which is a separate classified volume. This work was supported by
the Optical Signatures Program, Naval Weapons Center, China Lake, CA under
contract N60530-79-C-0031.
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1.0 INTRODUCTION ANDt SUMMARY

This report describes the test equipment, test procedures, test site and test
results for a program to measure the infrared signatures of a representative
sample of cloud backgrounds and aircraft at Key West, Florida. Data on
various clouds were gathered by Cincinnati Electronics Corporation between
April 20 and May 10, 1979. Data on F-4 and F-14 aircraft were gathered
between June 4 and June 10, 1979.

The MIDAS Ill radiometer was used to measure the infrared signatures ot the

aircraft during the day and a number of different types of cloud backgrounds
at various times of the day and night and at various angles with respect to
the sun. The MIDAS III system is a small-field scanning radiometer that makes
simultaneous measurements of infrared sources in the 3-5 and 8-13 micrometer
spectral regions (see references). The 3-5 spectral region is further sub-
divided into smaller spectral bands by inserting various spectral filters in
front of the 3-5 detector.

The MIDAS system was located at the north end of Fleming Key in Key West. Yhe
svstem had an unobstructed view of a wide angle of sky and sea background with
a1 number of small islands in the field of view. For the background measure-
ments the MIDAS system was panned around to locate sectors in which there was
detailed structure and/or intense signal levels. Representative samples of
this data were then recorded. For the aircraft measurements the targets were
tracked visually with a telescope which was boresighted with the intrared
rad iomet er.

A camera was used to photograph most of the backgrounds in order to correlate
the infrared signatures with the visual scenes. These pictures are presented
along with the analog plot of background irradiance as a function of scan
angle for various spectral bands.

A set of four typical cloud pictures is shown in Figure 1.1.
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'.0 MIDAS SYSTEM DESCRIPrLN

,.,,SANNF.R AND C ONtROL CONSOLE

I ?4ltAS III -is h anded rad iomete.r uised to gat her t arget t ellpsral slid oir spat a.4 It
dat a IIseverial s pect r al hands . rte sy st em is liodu Ia r and canl he c~n t gu4t etd
Ill a var jetv i t ways. rihe MIDAS Ill Svst eml used,, tor tihe Backgtoknd Me.1sklt -
ment s at Kevy West is shown in tihe block d jagraut lin Fiue .1 e syst et
con-itst ed o f thet scanner and contrtol , illit or ing and Oeodu lect ion C. .At~d

AMOb~lt- %tupport :all. Ai~ eer:::l view of the scanner with the VV Caea .ii

si gh t illg scope Is shown in Figuire 2. 1.2'. rthe I]% Nensor shown in Fignite 2.I.
was ntused to it ivWs et. Aingle lons rte SOcameta knot
shown) was mount ed on tihe t op of tile scannler, Across t101 it . h deaw

rilhe sc anner uinit cont ains two Ilenses side by side,. a t our -e Iew t german ur
l ens with ati 8 -13 urn pas shand anid a t our-cei e ut ktwo geruturn1kil and t [wO
4i liCn'0 lens With a I-S tnn pa&Ssbanit. Each ot th l enses has a .7Inch1
apertuire A -'1 inch focal length and a resotut it'n ot 0. 10 mtil Ilradian. osthIndI
each lens is a coated pyrex tolding mi rror Which reflects the coniverging t'eamls

to tppie '- urn 1 Ors s e.c dtrontesa nirrtt h t I we it iS mercury c id s t tridoub~~le~ sdet ecator lcated t she Ilol plnet.i

bei ao of tile 4- S inn Ilens is re t Ie tc ed t rei thle scan ti r rot, o t het 2.. v I ementl
indium ant imonide lInSb) det ector located at thet tocal plane. Both det ectotsI have staggered arravs with 10) percent ovetlapping. Fach elemtent In the two
arrav's is 0.01) mit tiradt.an inl arimtth by 0).1 t ml liradiall In etevat I on. Whlenl
convol1ved with the opt i al bl ur spot. thet detcc tor eci emnent s getner at e a si S\'tt eI reskitt ion ot 0.1 milliradian lin the at imiuth direct iOn Mv 0.1. 12 mii lII adi aI in 1
thle elevat ion di rect illn. The two stagggered arrays lin each detvect or ae
separated by 0. S mil l iadi an. Fight of thle detect or elements lin eacth dct ei
were used to recorl ds at a. Thuis thle total elevat ion t ield-ot -vie was k, s

mi lliradian.

The -- det ector has a cold spec t ralI t i I ter wich I imi t s t he passband t lteI regi on f rom . to.- 4. 7 7 i cromet er s. A s ix-pos it ioin ti Itter wheel wi1th1 warmil
filIters was instal led in front of the 3-S detector lin order to measuire thle
spect ral cont ent tit backgrounds at various passhands Within the . 2 to 4.
region. Figure 2 .1I. ;is a photograph of the titIter wheel . Oniv tourv ot thme
avai lable six positions in the tilIter wheel were uised tor the background
me asurement s. The pas shands for these four til1t ers were: 3 .8-4 . . tilic r oulet erI.s

3 3.4-4. micrometers; 4.-.-4. 77 mictometers; and a wide band tIlIt er . When this
l at ter fitter was in posit ion thle measuired apect ruin was limited by thle Int cinal
cold filitetr on the detector to the -1.2-4.77 micrometer passband . thle number,
sequec~e and dwelt t ime for the selc 1t ion of tiltecrs cani bet progr amme~d I orI automatic operation or can be control led manualtv.
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I

JThe scan mirror is driven by a cam which produces a linear scan of 28 mrad
from right to left in the object plane in 75 msec followed by a retrace to the
original position in 25 msec. Each detector element output connects to an
analog preamp/postamp channel which produces an output signal corresponding to
the spatial variation of infrared irradiance across the scanned fielo-of-view
within the instantaneous angular field-of-view of the detector element. Thejresolution and sensitivity parameters are shown in Figure 2.1.4.

The MIDAS Ill control console was located in the mobile support van next to
the scanner. The console supplies power to tile scanner, provides for switch-
ing, attenuation, and monitoring of the detector channels and contains a
calibration signal generator for tape recorder calibration. Amplifiers for
the audio channel are also provided.

The Filter Wheel control consote was also located in the mobile support van.
The console supplies power to the filter wheel independent of the MIDAS Ill
system and controls filter selection and filter dwell time. Filter wheel
position and various diagnostics are displayed.

2.2 DATA RECORDING AND READOUT

The data recording and readout electronics consist of a 4 trace oscilloscope
for direct monitoring of channel video signals, an 8 channel recording oscillo-
graph for permanent visible records of direct or playback signals, and two
FR-1300, 14 channel instrumentation tape recorders for permanent data records.
In addition there was a Sony video tape recorder and video monitor to record
and display the picture from the TV camera on the scanner. All this equipment
was located inside the mobile support van.

The two FR-1300 tape recorders were used in the FM mode except for the voice
and IRIG time code channels which were direct mode. The 3-5 channels (Al
through A8) were recorded on channels 1 through 8 of recorder A and the 8-13
um channels (CI through C8) were recorded on channels I through 8 of recorder
B. On each recorder the IRIG time code, azimuth sync signal, and the voice
channel were recorded on channels 12, 13 and 14 respectively. The tape
channel format is tabulated in Figure 2.2.1.

A Bell and Howell 5-134 Recording Oscillograph was used for direct recording
of data for immediate analysis and for later playback. The oscillograph is
capable of simultaneously reproducing 6 channels of data plus lRIG time code
and azimuth sync. For both on-site data monitoring and post-test strip out
for data reduction, the oscillograph was run at 20 inches per second. In1 almost all cases a gain of 0.2 volt per inch was used.

The SLR camera is a 35 mm Pentax ME that was added to the MIDAS Ill system for
the Key West tests. The camera was boresighted with the IR lenses so that

photographic documentation of the backgrounds could be recorded simultaneously
with the IR measurements. The camera has an optional red filter so that both
filtered and unfiltered pictures can be taken in order to record the scene
with maximum contrast. A hand held Polaroid camera was also used to obtain

real time photos of the various backgrounds. Many of the pictures that are
presented with the data are Polaroid shots because of various problems with
the 35 mm approach, some of which were not discovered until after the test.

LI ,,,, i7
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RECORDER A

TAPE
CHANNEL MODE DATA

II FM Al
2 FM A2
3 FM A3I4 FM A4
5 FM A5
6 FM A6
7 FM A7
8 FM AB9I

12 DIRECT IRIG
13 FM AZ SYNC

14 DIRECT VOICE
TAPE DRIVE SPEED 7-1/2 IPS

I -RER
TAPE
CHANNEL MODE DATA

1 FM Cl
2 FM C2I3 FM C3
4 FM C4
5 FM C5I FM C6
7 FM C7
8 FM C8
9I 10

11
12 DIRECT IRIG
13 FM AZ 01YNC

14DIRECT VOICE

J TAPE DRIVE SPEED 7-1/2 BPS

j Fixure 2.2.1. Tape Recorder Channel Format
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3.0 SYSTEM CALIBRATIONI
Radiometric calibration of the MIDAS Ill System was accomplished by measuring
the response of the system to a source of known temperature, emissivity, and
angular size. The calibration was done in the Cincinnati Electronics Corpora-
tion optical lab on a 16-inch Davidson reflecting collimator. An Infrared
Industries blackbody set at 200*C was used as the infrared source. This
source has an emissivity of 0.99 ± 0.01. The temperature was monitored by
mean3 of a thermocouple located in the cavity block. The measured temperature
is believed accurate to ± I.O°C.

I Since the calibration needed is the large target radiance calibration rather
than the point source irradiance calibration, an extended target should be
used as a source. However, a 200C large source will saturate the electronics.
For this reason, a 1/20 mrad point source precision aperture was used and the
voltages measured were multiplied by the ratio of the large target signal to

the 1/20 mrad target signal measured at a lower temperature where saturation
did not occur. The reason that this measurement was not used as the actual
large target calibration is that the low temperature could not be measured or
controlled as accurately as the 200C temp,-rature. However, the ratios mea-
sured are accurate regardless of the actual temperature of the source. The
ratio was found to be 12.30 for the 3-5 ijm channels and 17.b7 for the 8-13 AM
channels.

j The output signal pulse from the 1/20, 200C source was observed on an oscillo-
scope and the difference in the signal voltage between the hot target and the
ambient temperature aperature disk was recorded. The results were multiplied
by the above ratios and averaged over the 8 channels and are shown in Figure

* 3.1.

I The next step in the system calibration is to determine the radiance difference
of the target for each filter. The effective radiance difference, AL eff (kp
at wavelength A p is calculated from the equation,

TF(A) Rq (A) IL TB-A()
&Leff (Xp) - OB P A (X) A) ILI (TBB)-L (TL )j dX

' where PB is the reflectance of the collimator mirror system

A ( k) is the spectral atmospheric transmission over the 21 footJcollimator path length

TF (A) is the spectral transmission of the system filter at wavelength A

SAp is a reference wavelength

1
1 10
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I

I RS (A) is the basic system spectral responsivity in centimeters
squared volts per watt without the filter,

I LX (TBB) is the blackbody spectral radiance in watts per square
centimeter per steradian per micrometer at the blackbody temperature
TBB,

and L (TL) is the blackbody spectral radiance at the laboratory
temperature TL.

The spectral atmospheric transmission was calculated for the 21 foot Davidson
collimator path length. The spectral transmission curves for the 4 filters
used during the test were measured with a Beckman 1R-4 Spectrophotometer. 'nt,
basic system spectral responsivity, RS (A), was determined by using a series
of spike filters covering the system passband in conjunction with the colli-
mated blackbody source.

The over-li system response (basic radiometer plus spectral tilter) tor the
3-5 channel is shown in Figures 3.2 through 3.5 for the various filters used.
Filter No. I was broadband uncoated sapphire for optical path compensaLion so
that the overall system response is the same as the basic system response with
no filtei. The overall system response for the 8-13 channel is shown it
Figure 3.b.

The spectral atmospheric transmission, system and filter spectral curves, and

blackbody temperature were used in a previously developed computer program to
calculate ALeff(Ap) for the various tilters according to the above eqtta-
t ion. These radiance difference values were then divided by the average
measured signal voltage for all Lhe channels in the 3-5 pm array. Figure ..
also gives the radiance differences and the calibrated effective radiance
differente per volt for each filter in the 3-5 pm detector and for the 8-1) "m

detector.

Although field calibrat ion measurements were made in order to check system
operation and atmospheric effects, the lab calibrat ions were used in data
reduct ion. 1
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4 . o rESI" SITE DESCRIPTION

The cloud background measurements were taken at a site wiitch wis loci.ted at
the northern tip of Fleming Key which is adjacent to Key West. At the time ot

the tests the site was located on an Army Hawk Missile Base whtch has since
been moved to another location. Figure 4.1 is part of nautical chart which
shows Key West, Fleming Key, tile test site and tile depth of tile watet surround-
ing the keys. Figure 4.2 is an aerial photograph of the same locati, n.

The MIDAS system had a 240-degree unobstructed view of the sky, horizon and
sea clockwise from 270 degrees through 150 degrees. rile remaining 1.0 degrees
%.as obscurred by bunkers on the missile site and by adjacent equipmel't.
Figure 4.3 is a photograp- fro~m the top of one of the bunkers looki l , east.
The Navy administrative trailer is located to tile right. On tile lett ot tile

Navy trailer is tile GE/SPAR trailer with tile IRST system. Next to that is the
Cincinnati Electronics van and the MIDAS system is mounted on a tripod next to
the van.

A blackbodv was located 250 feet from the MIDAS system at a bearing ot 1-40
degrees. The blackbodv was a large area source, which was one toot square.
Next to the source was a large plate at ambient temperature. tlerocouple

leads were attached to tile blackbody and reference in order to check tie
system calibration at periodic intervals during the test program.

The MIDAS system and the iRsr were both aligned with one of tile clhannlel
markers which was located nominally at zero degrees. There was no parallelax

error in this alignment since both systems were virtually in line at a zero-
j degree bearing.

The test location provided a maritime environment with temperatures between
79'F and 84"F and relative humidity between ',3 and 82 percent. The surtace
visibility was in excess of 7 statute miles tor most ot tile data. rhe instru-
ment that was used to measure visibility had a maximum range of 7 miles and
this value was recorded whenever the visibility was equal to or greater tnan
miles. The environmental data was all recorded at the naval air station on
Boca Chica Key. The distance between the test site and the envxironmtntal test
instruments was approximately 5-6 nautical miles.1

1
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5.0 BACKGROUIND MEASUREMENTS

Thle purpose of the, Backgrouind Moitsuret tts phase ti t he contr act wias t o obt ail
radijomet r ic dat a on var-iou s types otit cl1ouds . The MlIDAS sv st em wits scanneld

* ~across di fferent cloud format ions and c loud/sky ittert aces at ditIterett t ites
of the day and at diff e rent angles withI respect to tit hesu . lle sv si em wasI
stopped and dat a was recorded whe nev~er clouds thitat had s iguiic ant st ru c tu e

were encountered. At times thet GE/SPAR IRST svst em woulId iii catte a att

number of clit ter points at a cert am pos it ion. The MiDAS system won id theni
be al igntd witht the coordinates ot th is C hit ter pos it ion anld the dat' aWas
recorded when s i gni ficant st inttxie was evident.

St ructutre in the 8-1 1micrometter band was almost non1-exiStvent t otI a I I o t tlite
daytime data whereas thtexe was at lot of st x-nctutre iltit- h 3-,) iticobtitaxid.

*As a result , all of the dayt ixne dat a that is- me-prodxiced inl till.- repolt is ;--'t
mnic romet er data. The eveiing and nightli t im diltia hals 1iitxcit Ixo re sti mctnirt' ill
tile 8-1.1 micrometer band thIxi in tilte 1- i hanid. lteicet, tit daltai tit is xe0p101t ed
for the ntight time i-tits inclidet, tiet 8-I3 spectra a .nd.

The 3-5 dat a was recorded dirtxet l ott t he recordinig osc ml logrtt1 Witereis tilt-
8-13 data was recorded on t tiet I ape, recorders i xst itd laxter p hived back anxdt
recor-ded on the os c i IIogi-aph . Titeretore , tite 8-1 1 dlt a htas a stttal I I llixt oi
addit ional noit when comtpared with tilt, 3-S %~tt a.

During most of thet tests the clouids were movixng i r I , tap xd I v itd /lox welt'

changing shape anxd k-ottjos it ioxti. As a result seqmitlt i~x dat a Ixilts With itdillt-

ent 3-5 hand filiter's do not a lwaivs repr-eseitt (lie, saitt, sCeti'. MtostIo t ittlt I 1111t,
the MIDAS system was moved inI order to trtack the samte positi ott txt a met' t tt

c louid. Hlowever. therex were, t mnes wtte x thot shavie o i thet c loud .'htaxtged t adixca.l lv
from t he he gtnn xitig ti i a me astirveitenit t o thte end . i,111tis * c oxipa'1 I isOits .11mo tig t lt,
3-5 spectral rins shoti Id lit mnade w itht catitl ton. COittpa x ISotils bet wei'lx tit iii -
and 8-13 bands shon I d also be xnai with ila i on be can se. tit, 8- 13 gx a ph s t it.it

are presented in this report are not neci'ssam- tV lvcoixtCide'it inl t meit withI tiit,
respect ive 3-', graphs. This is a resualt oit t ilt, tat that 8-1i dta was( ki
at night whein tihe 1 RI t imt' c ode ge ner .xt o it lt- iiIRST s stvi ewit was stit down.

* ~Therefore, no tLimte code was available on the recordedk dalti a ttl crrspndn
* frames of 3-5 andi 8-111 dat a conuld itot be ideitt it ted.

Data for th irty-thtree di flerent backgrt-ouid I arget s at. ixi ided in I this

report . Th is sampin xg represent s thle worst case4t Cond it ionls ill tvii etit
st ructutred backgrotinds . l'igire 'i. I l ists4 te lt(hi vt , -t tirt'e backg-oxiint t aitgo't s
and t lie pe rt i ient tidat a t ot- each o I t i, tax-ge t s . Most otit t iit, ta t a, stxt' i s

t ime., bearing anti rmteorological condi tionis, are, sell -explanaittorv'. nitx latt
coluimn, exit it led ''IRSI' ChIit tor'' rt'quied skiiti t'xplattat ioit. Tilte GI- '/SI'AH I R81

sys tem wals l ocatedt next to tilie MIDAS sy stem. At t ime s tilieI, I wouil I i dcat t,

a fair umber of c hit ter poinits at somte loc'atioit. Thei Mt DAS svsletm wotil hi oin
be pointed toward thle sant locat ion in tilt, skyv to menasult- and lt'Ox tt'
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spectral characteristics of that particular clutter region. Targets ti this
type are indicated with an "X" in the last column. All other targets were
selected independently of the IRST system.

A few of the targets were different from the majority ot structured cloud
background. Target 43 is a wide scan in which the MIDAS system was panned
across a wide azimuth field to obtain data on the variability of the back-
ground. Targets 45, 46 and 47 are scans near the horizon which were recorded
to measure the sky/sea contrast levels. Target 45 crosses the horizon during
the horizontal scan, going from the sky to the sea as the scan moves iotem Iett
to right. Target 46 is a scan entirely in the sky just above the horizon and
target 47 is a scan ent irely in the sea just below the horizon. Target 31 is
a scan across a microwave tower against a sky background. Target 14 is a sCal
across a water tower with a sky background. rihe target is included because it
is an interesting example of contrast reversal between the 3-5 and 8-1-1 spec-
tral bands. The target shows negative contrast with respect to the sky in the
3-5 spectral band and positive contrast with respect to the sky in the 8-I
spectral band. Targets 5 and 33 are scans of sun glint off the ocean surtact,.
When recording cloud targets 27, 28 and 35 the clouds were tracked with the
radiometer. All other cloud targets were recorded with the radiometer sta-
t ionary.

The spectral data for each of the thirty-three targets is shown in Appenidix 1.
The figures are numbered according to the target numbers. Each target has a
summary of the test parameters along with a picture of the scene that was
measured. The picture has a black line on it which de tines the area that was
scanned by the MIDAS system. A set ot arrows indicates the position of the
black line.

Following each dat a/pict tre sheet is a set ot analog graphs. 'hie spectral
band for each series of graphs is listed at the top of the graph. Six scals
are Arranged vert ically on each graph. Tie Six scans are the analog out 

t S

from the first six elements of the detector. Therefore, the six traces
represent scans in object space that are separated by 0.1 milliradian in th,,
elevation direction. The total vertical field covered by the six scans is O. n
mill iradian. The horizontal traces are backward when compared to object
space. Thus the traces from left to right represent scans from right to it'lt
in the pictures. The horizontal field covered by each scani is I.6, or 28
milliradians as indicated by the scale at the bottom of the graphs. Alt,'at e
scans in the vertical direct ion are staggered 0.5 milliradian in the hori .ontal
direct ion because the corresponding detector elements are staggered. The
vertical dimension on each graph is the effective radiance difference in watt/
sq. Cm.
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6.0 RECOMMENDATIONS

It is recommended that additional work be done in two separate areas - dc
restoration and data analysis.

6.1 DC RESTORATION

In the existing MIDAS system, some of the electronic bandpass filters have a
cuton at 30 Hz in order to minimize the 1/f detector noise and increase
sensit ivity. This ac coupling is acceptable for point target measurements or
area measurements with reference sources closely contained in the same scan
line, but in order to measure accurately the absolute amplitude of area target
or background radiation as well as the radiance contrast, for comparison with
analytical models or use in future IR systems designs, the absolute or dc
level of the background radiation across the field-of-view has to be recorded.

One solution for preserving the background level is to lower tile filter cuton
frequency so a dc level (uniform background) can be maintained across one scan
of the field-of-view. To get a negligible level droop across a single scan
requires a 0.1 1tz cuton frequency. This introduces more 1/f noise. Alter
several scans this level will eventually decay to zero due to the tiuitte t imr
constant on the coupling between the preamplifier and postamplifier. Ilhis
decay can be eliminated by injecting optically a reference signal level during
the 25% retrace time of the scan mirror. This technique solves tle long t, em
droop by "dc restoring" while also providing a known reference level each

frame which can be used to precisely calibrate the dc or any other target or
background voltage level.

Several methods of injecting a reference signal have been examined and out,
technique has been selected. This concept uses an external shutter in con junc-
tion with an internal chopper. Cincinnati Electronics recommends that tilt,
MIDAS system be modified for dc restoration by adding the shutter and chopper
and by modifying the d,.tector electronics that have a cuton at 30 Htz.

6.2 DATA ANALYSIS

The data that is presented in this report is just a snall sample of the data

that is available on tapes and oscillograph charts. '.n order to greatly
increase the usefulness of this data it should be reduced and analyzed. Vlhe

paragraphs below outline the specific tasks that should be pertormed with the
dat a.I

1
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1 6.2.1 STANDARD FORNAT BACKGROUND TAPES

The data should be put on a formatted IBM tape using CE's in-house IBM 370-1 48
computer in order to make the Key West background data available as standard
reference material for other studies.

I 6.2.2 (3.8-4.2)/(4.4-4.8) IRRADIANCE RATIOS

There is suffi,-ient data in the 3.8-4.2 pm and 4.4-4.8 pn bands to character lzuw
irradiance ratios between those bands for backgrounds such as clouds, tertain,
and ocean measured at Key West. As part of the total industry effort to
develop long-range search and track systems, several groups 1xave develop,,d
techniques to compute the theoretical values of such color ratios tor spectral
bands similar to those mentioned above. The predictions are made tor targets
and for backgrounds using the somewhat limited amount of cloud background dat-a

I previously available. System design methods could be improved it the pet-

tive capability were verified by a larger amount of color ratio data taken
from background measurements such as Key West data.

6.2.3 THRESHOLD CROSSINGS vs. THRESHOLD LEVEL AND TIME

False alarms in infrared warning systems may occur because of a threshold
level set t ing which is too low for the background level . Genera I lI y aia I Vs Is
of a system's false alarm rate can be done in terms of threshold crosstlugs per
unit time and fraction of time the threshold is crossed for a given threshold
setting and type of background. Reduction of the MIDAS-Key West background
data to these formats would provide a useful data base for analysis ot the
performance of IR search systems with respect to threshold crossing rates itr

several spectral regions and selected electronic bandpasses.

I 6.2.4 VERTICAL FIELD-OF-VIEW EFFECTS

For system design, the effect of vertical (elevation) tield-ot-view is MpoV-

tant. We have data on eight separate vertically arranged channels using MIDAS.
By summing the outputs of the channels in various combinat ions. we can deter-
mine the effect of elevation FOV or detector size on the background results.

* Since the detector has vertically staggered elements, allowance must be made
for time delay in azimuth. The results could be useful in detector conftigura-
tion design in other systems.

6.2.5 SUNGLINT IN THE 3-5 Jrm AND 8-12 um REGIONS

3 One source of false alarms is sunglints fron water. IR sunglint data is com-
plicated since the moving waves, which act as reflectors, follow complicated
trajectories with time. However, we can determine from the data whether
simultaneously viewed sunglints are more intense in the 3-5 um or 8-1.' kin
windows, compared to the expected values of target signals in thosif same
windows.

I
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I 6.2.b DAY/NIGHT LOMPARlSON

Some of the MIDAS-Key West data was taken during the day and some at night.
Since many systems are required to perform both day and night, a comparison ot
background characteristics at both times- would show how a given system design
might be expected to perform in this regard.
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APPENDIX I

I
The following pages contain the data on cloud backgrounds for 33 different

* targets.
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- TARGET 2

I
I

DATE: 1 MAY 1979
TIME: 16:00
TEMPERATURE: 780F
RELATIVE HUMIDITY: 56%
VISIBILITY: 7 STATUTE MILES
BAROMETRIC PRESSURE: 30 INCHES
TARGET AZ ANGLE: 17o

TARGET ELEVATION: 7.40

SUN TO TARGET ASPECT ANGLE: 960
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Tl IME: 10: 151 '1' V PERATURE: 81 F
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I3AROX ETHIC PRESSURE: 30 INCH ES
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TARGET EL.EVATfION: 4.9 0I SUN TO0 TARGET ASPECT ANGLE: 580
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TABGET 8

DATE: 2 MAY 1979

TIME: 10:25
TEMPERATURE: 81 F

RELATIVE HUMIDITY: 62%

VISIBILITY: 7 STATUTE MILES

BAROMETRIC PRESSURE: 30 INCHES
TARGET AZ ANGLE: 900

TARGET ELEVATION: 10.30
SUN TO TARGET ASPECT ANGLE: 47 0

j CORRELATED WITH IRST CLUTTER
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L TARGET 9

DATE: 2 MAY 1979I TIME: 10:32
'fFMPFRATURE: 81 F

RFLATIE IIUMIDIIY: 62%
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SUN TrO TARGET ASPECT ANGLE: 72 0
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DATE: 4 MAY 1979
TIME: 9:44
TEMPERATURE: 83°F
RELATIVE HUMIDITY: 59%
VISIBILITY: 7 STATUTE MILES
BAROMETRIC PRESSURE: 30 INCHES
TARGET AZ ANGLE: 1230

TARGET ELEVATION: 1.00
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I TARGE:T 28

I DATE: 4 MAY 1979
'rIME: 15:42

TEMPERATURE: 82 0F
RELATIVE HUMIlDITFY: 58%I VWSIBI1A'P: 7 STATUTE MILES

BARATFRICPR ESSi) HF: 30 INCIIES
TARGET AZ ANGLEF: 308 0I TARG FT ELEVA'IION: 9. 10

SUN Tro TARGET ASPECT ANGLE: 58 0ICLOUD WAS TRACKED
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I TAIRG T 31

DATE: 5 MAY 1979I TIME: 9:10
TEMPERATURE: 810F
RELATIVE HUMmI)IY: 62%I VISIBILITY-: 7 STATUTE MILES
BARO)METR1IC PRESIURE: 30 INCIIES
TARGET AZ ANGIE: 108 0ITARGET ELEVATION: 1.00

SUN TOy TARGET ASPECT ANGLE: 45 03 MAICROWAVE TOWElR



TARGLET 31

13.2-4. 77,Lum 4. 4-4. 7 7 umn
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I TARGET 32

DATE: 5 MAY 1979
T IMEF: 9:25
TEMPERATURE: 820F
RELATIVE HUvIlDITY: 62%L5 VISIBILITY: 7 STATUTE MILES

BARINE~ricPRESSURF: 30 INCHES
TARGET AZ ANGLE: 840

TARGETI ELEVATION: 1.90
SUN '1- TARGET ASPECT ANGLE: 460
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j TARGE'' 33
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5 1)A'LKE: 5 MAY 1979

T'NI K: 9:3(0
'1 I' . l{ATIMl: 82 0 F
HIIIATIV 1K I DII-IIIL'X : 62%,
VlI lI ,IFY: 7 STATUTE MI.LES

BA IO M E'RH IC I4 ,1<88 1 S I: 30 INCIIES
''A 1R KV " AZ ANG I,F: 87 0

'l'Al1,%'(,F El, VATION: -0. 150
SIUN TO ''ARtAIKI' ASIFi-T ANGIE,: 310
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I TARGE~ 35

DATE: 5 MAY 1979
TIME: 10:15
TEMPERAIUI-,E: 830F

I RELATIVE liUMvU)I'TY: 60%
V1-SIJTLI'Y: 7 STATUTE MILES
BAI{OMETrRIC PRESSURE: 30 INCHES
TARGET AZ ANGLE: 1030

TARGET ELEVATION: 9.5 0

SUN TO TARGET ASPECT ANGLE: 46 0

I CLOUD WAS TRACKED

........
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I3.2-4.77Mm .-. 7

z .1q

I z -

-3 
3

5-0RDAS DVSO x . 10 RAINS-IVSO



j TAMOEl' 35

3.8-4. 2A 3.44.*3)h

zzIi 0

~46 .

id.- -1



I
I TARGET 36

I
I

I DATE: 5 MAY 1979
TIME: 12:35
TEMPERATURE: 84°F

I RELATIVE HUMIDITY: 60%
VISIBILITY: 7 STATUTE MILES
BAROMETRIC PRESSURE: 30 INCHES
TARGET AZ ANGLE: 100

TARGET ELEVATION: 9.60

i SUN TO TARGET ASPECT ANGLE: 84
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I
I

1
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TARGET 37

DATE:: S MAY 1979
'rINI: 9:24

V1SIIAI(ITY- 7 STATUJTE M~ILES
B'Al,0NIFRl E' 11PZ E'RI lN : 30 INCH ES
TAIK Er AV, ANG1 V: 860
T1ARGF El'El,FVA'IoN: 8.6~

SUN TIO 'Y1CE'ASPIVT' ANGLE : 31;

LL
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TARGrT 38

A IDATE: $ MAY 1979
TIMEF: 9:310
'FFNIPERAT1I)RE: 81 FI ~REL1ATIVE FII)LY 72,;
VISIIITIY: 7 STATUTE MILES
B3AROM ETRIC PRESSURE: 30 INCHES

TFARGETr AZ ANGLE: 78 0
TARGEFT F! .EVATIION: 8.6f ~SUN TO) FARG FT ASIPEC ANGLE,: 380



AD-AOBI 052 CINCINNATI ELECTRONICS CORP OH F/B 17 S '

RADOOMETRIC MEASUREMENTS BY THE MIDAS III SYSTEM AT KE' WETT VECU)
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J iAI:GE1- 40

1) TATE: 8 MA Y 197 9
TIME: 10:05
TEMNPE:RATURE: 82 0 F
RELATIVE [ILIMII)ITY: 72%

VISIB3ILITIY: 7 STATUTE MILES
BAROM ETIRIC jljiESSLIRE: 30 INCH ES

0*
TIiGET AZ AN.GLE: 99
TARGETr ELEVATION: 4. 0
SUN TrO TAHGFET ASPECT ANGLE,: 49

IA
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TA RIG. Fl 41

I ).\ rL': 8 MAY 1979
TIM I': 10:30 0
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TARG ET 41
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I PAlE': 8 MAY 1979I TIMEF: 10:35
'FNMPFRA'l'U RP: 82 F
HFI ATIV F 1111M INIl: 69('1
VlSIM1I iN Y: 7 STFATUTE MlILES
1PA HUM F'VH IIEFPHSSU H .: :30 INCH ES
I'AR6,FTl AZ! ANGlEF: 66

0
'IAlxGFEl' FLFVAI'ION: 2.1SUN TO 'AI'AG T ASPECT ANGLE: 87
COHIFL AT ED WITH IRSi' C LUTTER

-7I
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I A 1:1 T I 43

D ATE': 8 M\AY 1979)
j UINIF: 10:50

'I'M IPHAIU P:82 F

V ISI NIAIThY: 7 ST'ATUTE 'i MILES

I i'Al~ ',F FLI.1V \ION: 2.6
('ORRIlAT1ED WVITH' llt' ('lAI'U'EI(

WIDE A'Z1II'1I SCAN



4b'
TAiBGrr 43
3. 2-4. 77A."m

0

00

4:Z

hoil

I fP4

5 x 10 HADlIANS 1 i)IVISIQN 5 X 10 RAD)IANS DI1VISION



I TARGET 43
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I TARGCET 43
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I TARGET 45
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IA P(; K 1' 4 6

I DATE: 8 MAY 19719
TiNME: 13:32
'r FNYiATURE: 83 FI REIATIV V HUMNIDIITY: 641%
ViSIB11lITY: 7 STATUTE MILES

BARNOM ETRIC YIllYSS1 HF0 30 INCH ESII TARW'r AZ ANGI.F: 283
TA1RG Er ELEVATiiON: 1.00

SUIN 'I0 TAHG FT ASPECT' AN(,i.F: 85

SCAN JUST ABOVE HORIZON
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3 JDAT'E: 8 MAY 1979
-T TM E: 13:34

TENIPEIRATt!I l: 84 0 F3 H H LA 'i'IVHUiMID)ITY: 63%
VlI I I 'UY : 7 STI'Al'TE M\ 11, ES

PA OMI~;J' ICjiUiSSi I j. : 313TAHC ET AZ ANGM F 28 0
'r'AHl*'' El .EVATION: -1.0~

SUN TO TARI-~l*l' A.'PFCT AN(;L~i:- S7

3 SCAN JUST BIETOW HIZON

Sli
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I'ARG, ET 49

I)ATE: 8 MAY 1979
TIME: 20:18
TFMP-'1ATI1R: 80°F
R F, A'iI V E I I II 11) 1IN : 79',,i

VII111 ,ITY: :3 STATUTE MILES

IBAR Hi :1M I' IC .i ' E H F* 30 INCII IES

TA,, T;l' AZ AN(,I..: 123
''AI6; 1.' ELE VATION: 14.4 °
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''AI: ;J : 51

i

4 DATE: 8 MAY 1979
TIME: 20:31

1 TEMPERATURE: 800F
RELATIVE HUMIDITY: 79%
VISIBILITY: 3 STATUTE MILES
BAROMETRIC PRESSURE: 30 INCHES
TARGET AZ ANGLE: 680
TARGET ELEVATION: 240

NO PHOTOGRAPH AVAILABLE
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I56

D)ATE: 9 MAY 1979
T IME1 : 10:37
T'FiM PEHAITl HE: 84 0 F
EFLA'IIVE I1'NIII)ITY: 6670

VISIBIIAl'Y: 7 STATUT'iE MILES
BA HOIN 1-:11% IC Ill. V.S.St 1 30 INCH ES
TAG 1W T A V A NGIE, : 95 0

TARGETHI EL EV AION: 8.30
SUN TO T[AIHG T ASPKCT ANMA I. H: 1110
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TA RG ;r 57

DATE: 10 MAY 1979
TIME: 9:32 0
TMI.'I% A'I'UIE: 84 F
BE.I,ATrIV]p 11IIITIY: 55%

VISIBII, TY: 7 STATUTE MILES
BAROMETIC PIISSIIRF: 30 INCHES

TAHGE'' A, ANGIFE: 1140

TARG ir' .LEVAIION: 11.40

SUN TO 'I'AH E' ASPECT AN;IL.: 1080

U



TARG ET 57
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I AD.AOfI 052 CINCINNATI ELCCTRONIC FIGP jN#1 71
A ONA ET :IC oEASUREETSO BY TOE MIDAS III SYSTEM AI? UE:' wT. .TC

I EP 70 A .NSEN C QIPE ... 0. N.CONE1l. NaOI)S.C,.cS3

UNCLASSIFIED CTR.79-OOJ NL
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/

CORRECTIONS TO:

"RADIOMETRIC MEASUREMENTS BY THE MIDAS III SYSTEM
* AT KEY WEST. Volume I: Cloud Backgrounds"

CINCINNATI ELECTRONICS CORP. TECHNICAL REPORT CTR-79-0012

/' CONTRACT NO. N60530-79-C-0031

The attached revised pages should be used to replace the corresponding pages of the

original report. On the first page of the Target 2 data, the 3.2-4.77um traces and

the 4.4-4.77um traces were interchanged in the original report.

On the two pages of the Target 33 data, erroneous calibration factors were used.

The above errors have been corrected in copies of the report issued by CE Corp.

after January 27, 1981. Erroneous copies will lack the revision notice in the

upper left corner of the affected pages.

80 ) 08 0 10
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TARGET 2

Revised 1-14-81
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TARG ET 33

Revised 1-27-81
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TARGJ&ET 33

Revised 1-27-81
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